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ABSTRACT 
 
This study tested the efficacy of our developed involuntary posture feedback control 
architecture on cardiac and peripheral autonomic nervous system activity. The study was 
implemented with an idea originated from a simple fact: curve shape of the human 
backside influences human breathing. The bend shape of the backside makes breathing 
difficult for inspiration but easier for expiration. Meanwhile, laying position works in 
the opposite manner as it makes breathing difficult for expiration and easier for 
inspiration. Accordingly, a posture control system was developed with an air chamber 
placed beneath the subject’s backside intervening the posture as being synchronously 
with respiration. The psycho-physiological impact of this architecture was investigated 
experimentally with two types of intervention. First, as a feasibility study, five minutes 
of intervention was administered to seven male subjects to investigate the effect of very 
short intervention. Second, as a experimental study, with the involvement of n =10 
subject, the effect of 15 minutes of intervention was investigated in three different 
conditions: which are (1) Synchronous condition (SNC) in which air chamber inflates 
and deflates synchronously with the subject’s inspiration and expiration, (2) 
Asynchronous condition (ASN) in which air chamber inflates and deflates with subject’s 
expiration and inspiration, and (3) Constant (CST) condition in which air chamber 
inflates and deflates with a constant rhythm regardless of the actual respiration of the 
subject. The evaluations subjects were enrolled within-subject experiment with a 
counterbalanced order. As a result, respiration interval was significantly increased while 
the magnitude was deepened and the high frequency component was also significantly 
increased within the test period in the feasibility study.  In considering the results of the 
experiment with a longer intervention, respiration interval and respiration amplitude 
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under the SNC condition became longer and deeper comparing with other condition. 
Psychological scores were subjectively measured by investigating changes from before 
to after intervention and after intervention to the recovery period. Though no significant 
changes were indicated with the intervention, but a significant reduction of ‘tension’ in 
SNC condition was observed. The high frequency component of the heart rate variability 
in SNC condition was significantly decreased within the intervention period, and the 
heart rate was not changed in the intervention but increased in the recovery period. 
Galvanic Skin Response was decreased in the intervention period and increased in the 
recovery period. These experimental facts illustrate the efficacy of the respiration 
regulation by the posture intervention. The psycho-physiological contribution has also 
indicated in terms of cardiac parasympathetic activation with a feasibility study and the 
reduction in tension and peripheral sympathetic activity with 15 minutes of the 
respiration synchronized posture intervention with an experimental study. The possible 
application of this architecture could be a healthcare equipment as a clinical treatment 
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1.1.1 Breathing Control 
Since the unknown time, breathing control has been one of the foremost mode of 
relaxation, cognitive meditation, and alternative medicine around the world.  
Respiratory center located at the inside of the brain controls breathing pattern. 
Biologically, humans have two methods for controlling breath as the conscious method 
and unconscious method. During conscious control method, main muscles are located 
in chest wall need to be stimulated.  The conscious breathing methods are related with 
voluntary control human breathing. For an example, there are various conscious 
breathing techniques and patterns such as speed breathing, slow breathing, deep 
breathing, and voluntary hold breathing practiced in different fields which are yoga, 
martial arts, speech, marathon running, singing with an improved physical health 
benefits in a simple and effective manner. Unconscious breathing control is affected by 
process in which gas exchange between carbon dioxide and oxygen [1]. During the gas 
exchange, it is unconsciously controlled by the levels of CO2 and O2 with pH level in 
the blood [2] that could be described as three major mechanisms; respiratory control 
center, the sensors and effectors organs by (Figure 1). Over the past decades, many 
researchers have thoroughly investigated the benefits of the breathing control and 
methods and those recognized the benefits can be generally categorized as physiological 
and psychological benefits.  




Figure 1: The Control of Breathing. 
 
 
1.1.2 Breathing Control Behaviors  
Breathing control behaviors have been used to make human lives better.  Yoga practice 
has been a traditional spiritual and kinesthetic discipline found in ancient India which 
include breath control, meditation, and the adoption of specific bodily postures. 
Voluntary breathing control in yoga is called as pranayama which is the core practice of 
it  [3] [4]. There are eight types of pranayama breathing exercises which are kapalabhati 
(inhale and exhale rapidly), batrika (bellow’s breath), nadishodhana (alternate nostril 
breathing), suryanyloma viloma (right uninostril breathing), chandranuloma viloma (left 
uniostril breathing), suryabhedana (right nostril initiated breathing), ujjayi (psychic 
breath) and bhramari (female honeybee humming breath).  
According to these breathing practices, they are used for improving both 
physiological and psychological performance [5].  For an example, slow breathing 
practice is used by Zen monks to perform meditation [6], and mindfulness breathing 
meditation is also practiced as a stress reduction [7]. Buddhism philosophy is highly 
concerned with concentrated meditational practice to focus on breathing sensations of 
the beginning of inhalation and end of exhalation rapidly [8]. In sports, breathing control 
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is also adopted to improve health promotion and energy control [9], and manage anxiety 
performance [10] [11].  In the military background, sniper soldiers are trained to manage 
their respiratory pattern and breathing movement [12]. Further breathing control is used 
as a training method to manage hyperactive behaviors of children [13]. There is 
increasing number of studies and behaviors in the specific field of biofeedback that 
demonstrate the benefits of breathing control for the human body and mind.  
 
1.1.2.1 Physiological Benefits 
There have been number of studies conducted to ascertain the physiological benefits, 
generated from the effect of breathing control behavior and the physiological measures 
have been investigated by using biofeedback cardiovascular and neurological 
measurements [14] [15]. Breathing related mindfulness meditation influence on the 
changes in physiological indications [16]. Slow abdominal breathing associated with 
EMG biofeedback could decrease sympathetic activity and increase vagal tone and 
measurements such as blood pressure and heart rate [17]. After three-months of slow 
breathing practice, autonomic function is stimulated in contrast to the  fast breathing 
[18] reducing risk factors related to cardiovascular diseases [19].  
Yogic breathing is a way of improvement for the antioxidant significance of 
effective several pathological processes [20] and Pranayama breathing method has 
indicated an improved autonomic nervous system due to the stimulation of the 
parasympathetic nerves system [21]. Extreme slow breathing rate of 1bpm was initiated 
to enhance sinus arrhythmia and increase parasympathetic nervous activation [22], 
decreasing activation of the sympathetic nerves system. As per an empirical study, vital 
capacity (VC) of the respiration system has been increased at slower breathing rate of 6 
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bpm [23]. Oxygen consumption is increased by breath holding method of pranayama 
[24].  
With the involvement of myocardial infarction patient, the breathing exercise 
induced a slower respiration pattern was correlated with beneficial effects on resting 
respiratory sinus arrhythmia (RSA) and heart rate (HR) [25]. In a further study, asthma 
patient was treated with breathing physiotherapy intervention [26]. Investigative studies 
suggest breath control could improve singing ability in vocal variety, pitch accuracy, 
and vocal intensity.   
 
1.1.2.2 Psychological Benefits  
There are immense psychological benefits under various perspectives of clinical, 
cognitive, neurological and social dimension bundled with breathing controls.  Even 
physiological conditions are directly associated with mental health response which have 
numerous positive impacts on human lifestyle [27]. Psychologically, negative effects on 
anxiety and depression decrease due to the achievement of respiration control meditation 
[28], and some study results have indicated a decrease in depression and anxiety due to 
relaxation breathing exercises. [29].Behavioral breathlessness in clinical study breathing 
retraining achieved normal breathing pattern and reducing anxiety [30]. Cognitive 
behavior therapy showed as an effective treatment method for refugees in post-traumatic 
stress disorder [31].   
 The purpose of evaluating the effects of yogic breathing practices as 
psychophysiological stimuli are to increases [32], and improve wellbeing, mental focus, 
mood and stress tolerance [33]. Another study finding have showed yoga as an 
applicable beneficial method in the management of cognitive retarded children.  
Moreover, psychological health in older adults are also positively indicated after 6 
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weeks of yogic breathing [34]. Some clinical studies have demonstrated psychological 
improvement within cancer patients through yogic breathing [35]. Yoga breathing and 
meditation cloud be found as Neuro correlates of meditation [36]. As per the above 
mentioned scenarios, voluntary breathing control seems to be an individual 
physiological technique which is to stimulate autonomic nervous system where 
psychological benefits are generated.  
 
1.1.3 Benefits of Deep Breathing 
Generally, deep breathing has number of benefits compared with spontaneous breathing. 
Study examined about deep breathing psychological effects using lags number of 
contributors finding indicated deep breathing group increase well- being effects [37], 
and the fast learning helped to reduction anxiety on psychological and improve academic 
performance [38]. After the coronary artery bypass surgery was helpful to manage in 
pain by slow deep breathing [39], and music listening with deep breathing finding 
showed significant decrease in anxiety level [40]. Another study suggested deep and 
slow breathing could be using as a relaxation treatment method of chronic pain 
syndromes [41], and relaxation could establish biologically effective constituent deep 
breathing methods, furthermore affecting psychologically mood processing [42].  One 
of study recommended that deep breathing controlled may be beneficial for smoking 
withdrawal [43] physically higher ventilation and increased blood oxygenation [44].  
 Mindfulness and practice of deep breathing are fundamental to Indian yoga and 
Buddhism meditation, pranayama yogic breathing practice showed an improvement and 
balancing of the autonomic nervous system inspire opened of parasympathetic nervous 
system. According to pranayama slow deep nostril breathing has been indicate oxygen 
consumption indicative and block sympathetic behaver inside of the brain medulla [45].    
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1.1.4 Breathing Control Medical Treatment 
Generally, breathing controls and methods as medical treatments have been used in 
limited cardiac and breathing related diseases and physiological difficulties.  According 
to passive breathing control used in medical treatment, there are methods such as 
continuous positive airway pressure CPAP [46], adaptive servo-ventilation ASV [47], 
and active breathing control ABC [48]. Further, effective clinical treatments are applied 
in breathing related disorder, such as central sleep apnea or obstacle, and cardiovascular 
diseases [49].  
 According to study findings, CPAP was effective method as a standard treatment 
for sleep apnea/hypopnea syndrome SAHS [50], and this treatment has greater impact 
on the benefits of patients with central sleep apnea syndrome CSA with Cheyne- stroke 
respiration CSR [51].  In Clinical studies, CPAP was recognized in treating patients with 
mild SAHS [52]. Even after a heart failure, there will be further risk of sleep apnea [53], 
and  an abridged ejection fraction [54]. It is needed to mention that patients who had 
congestive heart failures could improve their cardiac functions through ASV while 
decreasing all types of sleep apnea [55]. Active breathing control has been for clinical 
treatment such as radiotherapy, lung, breathing motion and cancer, using radiotherapy 
along with deep breath may reduce tissue radioactivity in Hodgkin’s disease patients 
[56]. ABC treatment is conducted by the reduction of margin breathing motion [57].  
 Treatment method of Buteykyo breathing could be one of the most accurate 
method for asthma patients [58]. Training pregnant women on voluntary deep breathing 
would help them to manage the anxiety level [59], and the deep breathing exercises  are 
suggested after the first stage of a cardiac surgery [60]. Thus, breathing control, 
regardless of passive or voluntary control, is beneficial for daily or clinical purposes.  
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1.1.5 Results Reported in the Literature 
There are number of studies have been conducted to discover the physiological and 
psychological benefits of breathing controls with the usage of conscious breathing 
technique. The above-mentioned number of studies were conducted by using 
biofeedback information and, the general approaches of biofeedback combined with the 
surface respiration rate, electromyography, skin temperature GSR, and cardiovascular 
reactivity. According to the psychological background, several biofeedback models 
have been utilized to investigate the psychological conditions [61].  
Researches have suggested that practicing in breathing control or related 
behavior methodologies help to increase mental health [25] [26] [38]. In a study on yogic 
breathing control, effective psychophysiological stimuli that enhance sense of wellbeing, 
were also observed [30]. The slow breathing methods decreases the negative effect of 
stress improving both mental and physical health. The effects of cardiac autonomic 
parameter affected from breathing exercise could be investigated by the heart rate 
variability analysis. Findings of the several studies have shown that breathing control 
change the conduction of the sympathetic nervous system (SNS) and parasympathetic 
nervous system (PNS) [62]. Yoga deep breathing study revealed an activation of 
parasympathetic and decrease in sympathetic activity reducing the blood pressure BP. 
According to these findings, there are beneficial effects of deep breathing on cardiac an 
autonomic nervous system ANS [63].  
 Number of studies have been conducted regarding the autonomic nervous system 
(ANS) and their changes were measured by functional analysis of heart rate variability 
HRV [64] , and variation in heart rate could be used to assess autonomic control of the 
heart. Biologically, respiration pattern affects in changes to the heart rate [65], and 
respiration related high frequency HF 0.25Hz or 15 bmp could be eliminated by blocked 
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vagal [66]. According to the higher frequency HF (0.15-0.4 Hz) related to 
parasympathetic nervous activation and lower frequency LF (0.04-0.15 Hz) sympathetic 
nervous activation and beat-to-beat HRV on power,  spectral analysis, the mean of 
cardiac and autonomic function could be calculated [67]. The above mentioned 
breathing control studies and methods have indicated several benefits generated via 
voluntary breathing control. The rate of respiration directly effects on cardiovascular 
system [62], and stimulated Autonomic nerves system [59]. The result of this process 
might change human physiological and psychological condition, and Table 1 to 3 show 
the summary of past breathing related studies.  
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1.1.6 Limitation in Breathing Control Research 
Though numerous physiological and psychological benefits frequently identified and 
reported in breathing control studies through discussion sections 1.1.2.1 to 1.1.4., there 
are few ascertained limitations; subjectively involved breathing practice which 
voluntarily stimulate respirational main muscles with the changes of respiration pattern 
[1], and passive respiration control method also contribute voluntary control method. 
 Primarily biofeedback training methods requires considerable effort to continue 
as it is difficult to conduct for long period of time, and also breathing exercise has not 
universal recommended limitation for ventilator capacity [68]. Passive respiration 
control method such as ASV and CPAP are inappropriate for domestic usage, when the 
air flows through the mechanical background making patients uncomfortable with nasal 
cannula and other clinical materials. Skin damage due to the fitting devices is also 
another limitation [69]. Patients with obstructive sleep apnea syndrome, has to face 
frequently dry nose, mouth and throat [70]. 
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1.2 Motivation 
There are ample of studies discussed various types of psychophysiological 
benefits achieved by breathing control. Significant number of studies have investigated 
the effect on voluntary breathing control technique. On the other hand, there have not 
been any theoretical explanation and implementation based on involuntary breathing 
control system according our contemporary knowledge. Biologically, the conscious 
breathing need to stimulate main respiration muscles located in chest wall. Motivated 
by the need, to remove the above mentioned limitations of the voluntary and passive 
breathing control systems. This study proposes an alternative architecture for breathing 
control which aims at involuntary breathing control via posture intervention.  As per the 
breathing control benefits described in 1.1.5, the relationship between autonomic 
nervous system and respiration with parasympathetic and sympathetic contribution is 
depicted. Significantly, slow deep breathing has generated several type of physiological 
and psychological benefits. Yogic pranayama breathing method has been found to be as 
an effective breathing control which is a valuable method for human health. It has been 
so far, no any development and studies focused on involuntary support to breathing 
control. Having identified the limitation related to the voluntary breathing control, it was 
motivated to develop an involuntary respiration posture feedback architecture with 
biologically enhanced breathing movement and health benefits. 
 
1.3 Research Framework and Objective 
1.3.1 Research Framework 
This research is expected to focus on the implementation and evaluation of 
involuntary breathing control architecture. In this study, the major segment is 
systematically supported to spontaneous breathing and transformed to deep breathing 
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unconsciously. Implementation of the concept was initiated from the simple fact of how 
the influence of curve shape of human backside on human breathing. According to this 
condition, a posture control system was developed to use an air chamber placed beneath 
the user’s backside intervening the posture as being synchronously with user’s breathing. 
This experiment was conducted to prove the efficacy of the posture feedback 
architecture with three different respiration conditions. In addition, test and evaluated 
physiological and psychological changes are used by involuntary breathing control 
architecture. 
1.3.2 Objective 
1.3.2.1 Main Objective 
To implementation of the involuntary respiration posture feedback architecture and 
forces on the user to change their posture synchronously with own breathing pattern. 
 
1.3.2.2 Specific Objectives 
To investigate the psychophysiological effects contribution by posture feedback 
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1.4 Chapter Summary 
Based on breathing control method and academic evidences from the literature, 
numerous psychological, and physiological benefits of breathing control are discussed 
in this chapter. Psychophysiological effects of deep breathing control, and number of 
passive breathing method and clinical contribution are also mentioned. Evidences of 
related literature are explained with physiological parameters in correlation to 
cardiovascular changes. Concentrating the recognized limitation, this study has 
introduced an approach of implementing the posture feedback architecture. Voluntary 
breathing control method and biologically curved shape of human backside impacts the 
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2 CHAPTER 
ARCHITECTURE 





Figure 2: Physical condition of the curve shape human back. 
 
  15 
This approach comes from the simple physical condition of that bend shape of the human 
backside influences human breathing cycle. Physically, human has three curves shape 
backside, which are cervical curve, thoracic curve and lumbar curve. This curves have 
been created bend shape of the human backside.  Due to the bend shape, it makes 
difficult for humans to inspire fully while in standing position but it makes easier for 
expiration. In contrast to that, lying position makes breathing more difficult for 
expiration but easier for inspiration as it is demonstrated by (the figure 2). According to 
this condition, the key approach was to develop an involuntary respiration posture 
feedback architecture used by an air chamber placed under the backside of the bend 
shape during the human lying position. 
 
2.1.1 Respiration anatomical structure 
Respiratory functions and behaviors are important part of this study. The movement of 
breath is contributing from mainly active two muscles which are diaphragm and 
intercostal are combined to the ribs [71]. Accordingly, these two main muscles affect 
the unconscious movement of body parts such as human chest, arms, shoulder and 
abdomen associated with breathing. The inner and outer ribcage intercostal muscles 
adjust the shape of overall ribcage which cause to passive deformations of the chest and 
back muscles.  
The inside of the ribcage has diaphragm, this muscle mechanism with the rib 
muscles to inflate and deflate the lung cavity. Based on the above function, breathing 
control is in between movement of the ribcage and diaphragm which have combined 
effect on inspiration and expiration [72]. Human chest wall movement and inside 
muscles behavior are important to implement the posture changes in this study.  
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Basically, the diaphragm muscle movement will be discussed deeply as it is an important 
factor on the diaphragm contribution.  
 
Figure 3:Respiration anatomical structure. 
 
 
2.1.2 Mechanical Process on Diaphragm 
The dome-shaped diaphragm muscle size is (2-4 mm), and located on its lower side of 
chest wall from the abdomen [73]. The diaphragm is the one of the main muscle of the 
respiration, and upper chest movement in human body synchronizing with respiration 
pattern [74]. According to respiration cycle, diaphragm moves down in inspiration 
expanding the lungs and lung cavity. During the expiration, diaphragm moves up 
contracting lungs as per the (figure 4). Voluntarily, humans can control diaphragm 
muscles as set of examples such as a deep breathing, fast breathing, and slow breathing 
and hold breathing. Accordingly, the breathing control practices and methods also 
stimulate diaphragm muscle and breathing control such as yogic breathing methods 
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since the diaphragm has multiple connections with the body wall. Physiologically, 
breathing is connecting gas exchange and central nervous system. This is related to the 
management of breathing rate and breathing movement with impact of the nervous 
system as per the physical process effect on the internal organs, muscles and 
psychological process.  
 
Figure 4: Diaphragm contraction. 
 
2.1.3 Mechanoreceptors 
Peripheral chemoreceptors and central chemoreceptors are main sensory neurons are 
automatically controlled by breathing rhythmic process.  Respiratory control center is 
placed in the brainstem. Pons and medulla oblongata are called as respiratory centers 
which are important brain parts responsible for generating rhythm in breathing. 
Peripheral chemoreceptors located outside of the central nervous system CNS detect 
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Figure 5: Overview of the unconscious breathing control. 
 
Central chemoreceptors is located inside the brain and it detects CO2 and PH level in the 
blood. In this case, the function of unconscious respiration activity depends on the above 
detected changes in blood [76].  Mechanoreceptors’ contribution is the effect of 
unconscious generated respiration cycle based on the blood information 
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That mechanoreceptors are placed inside of the chest wall and airway such as 
inside diaphragm and intercostal muscles. Central chemoreceptors sensors are the most 
important units of breathing control in internal contribution on ventilation. The Figure 
5 shows the overview of the automatic breathing controlling.   
 
2.1.4 Breathing Control by Changing Posture   
Studying breathing control by changing posture is an important aspect of this study.  As 
per the chapter of 1.5.1, the physical condition of bend shape on human backside makes 
difficulties for breathing.  Physical difficulties related to the respiration can be overcome 
by changing posture. In this study, lying position has been selected since it makes 
expiration difficult and makes inspiration easier, the noteworthy point of this study is 
thoracic curve located human backside involuntary moves up equally with the user 
inspiration and moves down during expiration. Among various positions, lying position 
could make easier for breathing in this context. Changing postures have greater effect in 
the chest making easier movement for respirational cycle and muscles. There are 
diaphragm and intercostal muscles combined with ribs. The above mentioned changing 
posture affects lung cavity because both inspiration and posture movement help 
diaphragm to moves down easily supporting the breathing process. Lungs easily expand 
while taking a deep breathing is depicted in (figure 6). The above discussed process is 
the key element of this study where involuntary respiration posture feedback 
architecture was developed.  
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2.2 Architecture Implementation 
 
2.2.1 Materials 
The challenge of this study was to develop involuntary respiration posture feedback 
architecture. The above mentioned changing posture is real-time synchronously with 
user breathing cycle manner and it has to be developed as a systematically in the 
architecture implementation. According to Study, several type of product materials and 
one service material were used in this implementation. The materials are mentioned in 
the following Table 4.    
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• Thermistor sensor 
• Silicon-air chamber  
• Analog-to-Digital converter (NI USB0-6008 DAQ, National 
Instrument Co., the USA)  










Table 5: NTC Thermistor 
 
 
Name NTC Thermistor 
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Table 6: Analog to digital converter specification 
 
 
Name  NI USB0-6008 DAQ, National 
Instrument Co., the USA 
Analog I/O resolution 12 bit 
Up to sample rate  10 kHz 
Analog I/O rang ± 5V 
 
Table 7: Air pump specification 
 
Name Air pump  
(YP-20A, Yasunaga Inc., Japan) 
Voltage AC 100V  
Rated pressure  12kPa 
Rate air volume  40L / min 
 




Figure 7: Silicon air-chamber.  
 
User respiration cycle (inspiration and expiration) was detected by thermistor sensor 
which is a sensitive resistor that exhibits a modification in resistance relative to small 
changes in human body temperature. Main part of this study was changing human 
posture with the usage of silicon-air-chamber. Detected human body information 
(inspiration and expiration) was converted by Analog-to-Digital converter (NI USB0-
6008 DAQ, National Instrument Co., the USA). Inflection and deflection of the air-
chamber was controlled by Air pump (YP-20A, Yasunaga Inc., Japan). The above 
product materials are demonstrated on the upon figures and tables. The feedback 
regulation system was developed by Lab VIEW software applications (National 
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Figure 8:Architecture schematic diagram. 
 
The processes of this respiration feedback posture control architecture is explained as 
follows. The respiration cycle (inspiration and expiration) information was detected by 
thermistor sensor, and that information is transferred to data acquisition converter (NI 
USB-6008 DAQ). In this case, the respiration was monitored 12-bit resolution and the 
analog signal is converted to a digital format at 1 kHz sampling rate. The feedback 
regulation system was developed with a visual programming method (Lab VIEW, 
National Instruments Co., USA). According to the differentiation of the (inspiration and 
expiration) the acquired data, the state of user’s respiration patter could be identified. 
For an example, increasing of the row signal means inspiration and decreasing of the 
row signal means expiration. The above-related information based on switching two 
units of air pumps (YP-20A, yosunaga Inc., Japan). One is for inflation and another is 
for deflation of the Silicon air-chamber. According to the switching, an air-chamber 
  25 
could be controlled synchronously with detected respiration (inspiration or expiration). 
The air chamber is placed beneath the backside of lying subject. According to the 
respiration pattern of the subject, the air chamber is inflected during inspiration and is 
deflected with expiration in a real-time manner mentioned in the figure 8. As per the 





Figure 9: Control panel interface of feedback regulator. 
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The Feedback programming control panel interfaces have many types of indicators and 
parameters for the control feedback system. In the figure 9, the upper window called as 
respiration wave showed respiration pattern and amplitude.  There are several types of 
several types of respiration information indicators, such as inspiration and expiration, 
pomp movement, expiration time and injection time mentioned in the control panel.  
Especially, the emergency movement could stop this system by pressing the red color 
stop button. Therefore, this feedback system could be operated in safe manner. 
 




Figure 10: Overview of the involuntary respiration posture feedback control architecture. 
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The key concept of architecture development was involuntary changing posture by 
breathing control. The above mentioned figure 10 depicts the final implementation of 
posture feedback control architecture. Identifying physical condition effect of full 
breathing is a majorly focused element in the implementation process before the 
development of involuntary respiration posture feedback control architecture.  
The Previous subtitle 1.6.2 describes the process of this architecture such as the 
inflation and deflation of the air chamber were controlled by feedback regulation 
synchronized with user actual respiration. Various types of materials such as headwear 
and software are contributed to this implementation process. The experimental study has 
been conducted to verify the efficacy of this involuntary respiration posture feedback 
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2.4 Chapter Summary 
 
This chapter is based on implementation on involuntary respiration posture feedback 
control architecture. Physical condition affecting breathing are also discussed. The key 
concept of this study has been developed based on how the breathing control is changed 
due to changing postures. Further, the relationship between the respiratory system and 
cardiovascular system are briefly discussed mentioning how the respiration is related 
with mechanoreceptors which contribute automatic breathing control method.  Major 
contribution of respiratory muscles; diaphragm and intercostal for breathing movement 
are discussed in this chapter. Contributed materials and feedback regulation system in 
the implementation process are explained. In addition to that, how the air chamber 
movement was controlled by feedback regulation synchronized with user actual 



























3.1 Feasibility Study 
3.1.1 Method 
This feasibility study was conducted by using male undergraduate students, voluntarily 
participated in the experiment. Table 8 showed details of the subjects. This study was 
conducted in accordance with the ethical principles and informed consent was obtained 
for all subjects. The study was approved by the ethics committee of Nagaoka University 
of Technology.   
 





















Figure 11: Experiment schedule. 
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Experiment schedule was conducted and consisted of the 5 minutes ‘initialization period, 
followed by a 5 minutes’ respiration- posture feedback regulation period (intervention 
Period) and after the test 5 minutes’ recovery period total experiment time is 15 minutes. 
By Figure 11 showed experiment schedule of the feasibility study.  Before the 
experiment subjects were instructed to stay relaxed and calm on the bed for the entire 
15 minutes’ time duration. Subjects were mentioned that the air chamber would be 
inflated and deflected in the midst of the test period. But subjects were not mentioned 
how the air chamber was regulated in advance. The experiment was conducted in the 
afternoon in an environmentally controlled room. 
 
3.1.2 Measurement and Instrument  
The pattern of the reparation was detected by the respiration sensor unit comprised of a 
force-sensing device (FSR400, Interlink Electronics, Inc.) by which the respiration is 
detected as a change in the chest circumference. In the duration of experiment, 
initialization, test and recovery periods cardiac behaviors were obtained by the 
electrocardiogram (ECG) using a bio-amplifier (MP150, BIOPAC system Inc., Goleta, 
CA, USA). Subjects attached with unit of respiration sensor attached were requested to 
lie on the bed with the posture controlling unit which is the silicon air chamber placed 
under the subject’s backside.  According to using ECG data, the heart rate (HR) and 
heart rate variability (HRV) could be used to analyze frequency domain of the heartbeat 
by RR. This HR and HF measurements indicate human psychophysiology parameter 
which characterize the autonomic nervous system activity [77] [78].     
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3.1.3 Analysis and Statistics 
Heart rate HR data was analyzed, inter-beat (RR) interval data by using AcqKnowledge 
4.1. According to heart rate variability, HRV component used for frequency domain of 
the heartbeat in the time sequence were analyzed. Values are standardized by (Z score) 
because lager number of variations represented as individual test subjects. t-tests were 
performed for the changes in the parameter of respiration and cardiac activity.   
 
3.1.4 Results 
3.1.4.1 Respiration Posture Feedback 
 
 
Figure 12: Respiration-posture feedback. 
 
The above figure of the respiration-posture feedback shows the typical changes in the 
respiration pattern of one subject in the experiment period. The white color background 
was demonstrated as the initialization period of the respiration pattern and, the gray color 
background was demonstrated as the intervention period of the respiration pattern. The 
changes of the above respiration pattern have demonstrated that the architecture was 
controlled in synchronous with the actual respiration of the subject and the intervention 
period of the respiration was shown as deeper and longer. The posture feedback 
architecture was successfully operated as shown in the above figure 12.  
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3.1.4.2 Respiration Parameters  
Respiration parameters are respiration interval (RI) and respiration amplitude (RA) 
demonstrated by Figure 13 and 14. Peak to peak interval variation and amplitude of the 
respiration are mentioned in this result. The respiration amplitude size represents how 
deep or superficial the subjects breathing was, by measuring the change in the 
circumference of the chest with a respiration sensor. Figure 13 result is indicating the 
respiration interval (RI) between subject’s breaths was significantly increased in the test 
period (RI, p<0.001) compared with initialization and recovery periods. According to 
the figure 14 result, it is indicating the respiration amplitude (RA) the magnitude was 
deepened in the test period (RA, p<0.001) compared with other two condition. 
According to this evaluation of respiration parameter, respiration posture feedback 




Figure 13: Profile of the respiration parameters: the respiration interval (RI) The values are 
standardized mean ± standard error (n = 7). 




Figure 14: Profile of the respiration parameters: the respiration amplitude (RA). The values are 





Figure 15:Profile of the cardiac activities: heart rate (HR). The values are standardized mean 
± standard error (n = 7). 
 




Figure 16: Profile of the cardiac activities: the high frequency component of the heart rate 





3.1.4.3 Physiological Measures 
The autonomic nervous system (ANS) activity could be evaluated by frequency domain 
analysis of the heart rate variability (HRV). The figure 15 and 16 are indicating the 
results of the changes in heart rate (HR) and high frequency (HF) component of the 
HRV. The figure 16 of HF depicts the range of frequency component is 0.15-0.40 Hz of 
the heart beat in a time series. Those measurement have been representing the heart 
connected parasympathetic nervous system activity [77] [78]. The above mentioned the 
HF component is indicating significantly increased (HF, p < 0.001) but heart rate (HR) 
did not any change statistically during the test time period. There was a reasonable 
negative correlation among each subject’s body mass index (BMI) according to the 
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change in the HF value (r = - 0.67). In considering the subjects’ responses, difficulties 
were not reported with the air-chamber placed under their backside.     
 
Table 9: Change in the parameters of respiration and cardiac activity 
 




RI 1.34 1.60 1.39 1.40 0.98 1.25 1.08 1.29 
(0.21) 
** 
RA 1.75 2.06 1.67 1.16 1.30 1.49 2.62 1.72 
(0.05) 
*** 
HR 0.95 1.01 1.01 0.87 1.02 0.96 0.97 0.97 
(0.05) 
n.s. 
HF 0.84 1.59 1.74 2.62 1.58 1.32 2.36 1.72 
(0.60) 
** 
p denotes the results of paired t-test with regard to the standardized mean values in the test period 
compared to those in the initialization period, where **: p < 0.01, ***: p < 0.001, n.s.: not significant. 
 
 
The table 9 illustrates the changes the ratio scale in the parameters of respiration and 
cardiac activity by subjects individually. According to figures and table, it showed 
respiration interval (RI) and the respiration amplitude (RA) through the test period over 
the initialization period also included, and same manner heart-related parameters HF 
and HR are included in this table. 
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The main objective of this feasibility study was to test the efficacy of the implemented 
respiration posture feedback control architecture by controlling breathing involuntarily. 
According to respiration parameters (RI and RA), subject’s respiration was significantly 
lengthened and deepened by controlling the inflation and deflation of the air chamber 
synchronized with subject’s inspiration and expiration equal to the condition of deep 
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breathing. Moreover, the above result was detected not only for subjects of standard 
proportion (BMI=22.0) but also for subjects who were rather overweight (BMI=37.1) 
and slim (BMI=17.2). Therefore, the architecture has effectively processed in the 
feasibility study. 
 The autonomic contribution is suggested by the HRV analysis and this breathing 
control method successfully help to parasympathetic nervous system PNS activation. 
Subjects were relaxed in the test duration. Additionally, results have showed that 
intervention time physiologically affected on the inside of subject. Breathing is 
controlled via the stimulated parasympathetic nervous system or vagus nerves 
contribution. The following physiological changes such as the respiration stimulates 
changes in the pressure in the lung and pH in the blood, physiological modifications are 
sensed by mechanoreceptors related to respiration, and the transformation of signals 
from respiration to the respiratory control center in the brain (pons and medulla 
oblongata) might have stimulated the parasympathetic nervous system PNS. The air 
pressure process could be effective in the lungs and subsequently stimulating 
mechanoreceptors due to the involuntary breathing controlling where the architecture 
related to subject’s breathing is synchronized with continuously changing postures. 
The results of the very short-term intervention could be generated in the 
developed involuntary respiration posture feedback control architecture effectively 
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3.2 Experimental Study 
3.2.1 Method 
This experimental study was conducted by using ten male university students 22 to 24 
years old voluntarily participated in this intervention. All experimental subjects had no 
any symptoms or incident about respiratory related problems. This study was conducted 
in accordance with ethical principles and informed consent was obtained for all subjects. 





Figure 18: Experiment protocol. 
 
 
This experimental study was conducted with three different time duration. There is a 
rest period of 1 minute, an intervention period of 15 minutes and a recovery period of 
10 minutes, total intervention time duration is 26 minutes. The figure 18 showed above 
mentioned time duration. The experimental subjects were conducted experiment 
background to lie on the bed in a supine position with the air chamber beneath their 
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backside. They were followed to manage and keep that position for the time duration of 
the experiment.  The posture intervention was completed during the intervention period 
of 15 minutes.  All the subjects were participated to three intervention models on 
different days in a counter-balanced order (within-subject experiment design).   
 
3.2.2 Respiratory Intervention Conditions  
The above mentioned experiment is to test the efficacy of the posture feedback control 
architecture. The laboratory experiment was conducted under three different respiration 
conditions which are 1) Synchronous condition (SNC) in which air chamber inflates and 
deflates synchronously with the subject’s inspiration and expiration, 2) Asynchronous 
condition (ASN) in which air chamber inflates and deflates with subject’s expiration and 
inspiration, and 3) Constant (CST) condition in which air chamber inflates and deflates 
with a constant rhythm regardless of the actual respiration of the subject. Accordingly, 
the constant rhythm of the air-chamber was established to the mean deep breathing 
pattern of each subject. This respiration intervention conditions are depicted by the 
following figure 19.  The above figure describes that the feedback control in SCN and 
ASN were completed for all subjects on real-time in experiment time duration under the 
respiration intervention conditions.  In this case, subjects started inhalation or exhalation 
at the instant when the air chamber was inflating or deflating. In the CST condition, the 
air chamber inflates and deflates with a constant rhythm (mean duration of each 








Figure 19 : Three intervention patterns, in which the air chamber was regulated (SNC), (ASN), 
and (CST). 
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3.2.3 Measurement and Instrument  
In this experimental study period, cardiac behaviors obtained by using the 
electrocardiogram (ECG) and the galvanic skin response (GSR) were recorded with a 
bio-amplifier (MP150, BIOPAC system Inc., Goleta, CA, USA). According to recorded 
data, the activation of cardio and peripheral autonomous nervous system is calculated. 
In this study subjective measurement were calculated by the visual analog scale (VAS) 
comprising of seven items which are ‘tension’, ‘effort’, ‘concentration’, ‘fatigue’, 
‘frustration’, ‘monotonous’, and ‘boredom’. This was introduced before the intervention, 
and after the recovery period. In the (HRV) analysis, heart rate (HR), the high frequency 
(HF) and low frequency (LF) are calculated.    Subsequently, component of the variation 
where HF is 0.15-0.40 Hz and LF: 0.03-0.15 Hz were discovered by electrocardiogram 
(ECG) data. 
 
3.2.4 Analysis and Statistics 
Heart rate (HR) data was analyzed, inter-beat (RR) interval data by using 
AcqKnowledge 4.1. The heart rate variability HRV component used for frequency 
domain of the heartbeat in the time sequence were also analyzed. Having obtained many 
number of difference amongst individuals, the bio-signal data was standardized by the 
so-called z-score method in which the average and standard deviations of the data set 
were transformed into 0.0 and 1.0, respectively. A paired and independent t -test was 
performed for comparison within and between subjects. Bonferroni correction was made 
in the case of comparison amongst the three conditions. The level of significance was 
set to 0.05. 
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3.2.5 Results  
3.2.5.1 Respiration Measurements 
The respiration parameters change in the respiration interval (RI) and respiration 
amplitude (RA) are shown by following figure 20 and figure 21. According to the 
respiration intervention period, respiration interval was significantly greater in the SNC 
condition than in the other conditions (ps <0.001).  Additionally, the above mentioned 
respiration amplitude (RA) component in the intervention period under ASN condition 
was significantly smaller than CST condition (p < 0.05). Meanwhile, the respiration 
amplitude (RA) in the SNC condition during the intervention period was significantly 
greater than other two conditions (ps < 0.05). No any significant effect was found in the 




Figure 20: Change in the Respiration Interval (RI) in SNC, ASN, and CST conditions.  
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Figure 21: Change in the Respiration Amplitude (RA) in SNC, ASN, and CST conditions. 
 
 
3.2.5.2 Subjective Measures  
Changes in the VAS scores from before and after the intervention period are shown in 
the following table 10. This VAS scores no significant effect was found by the 
intervention except for the significant reduction of the ‘tension’ in SNC condition. 
Additionally, after the recovery period, ‘monotonous’ was increased in two conditions 
of CST and ASN (ps < 0.01). According to after intervention to recovery period 
‘‘concentration’’ was decreased in CST condition (p < 0.01) same manner ‘‘effort’’ was 
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Table 10: Results [mean (SD)] of subjective measures (VAS). 
  
Δ (before to after 
Intervention) 
 




    
tension -8.8  (16.9) 10.6  (15.36) 
effort -4.2  (18.6) 7.5  (23.69) 
concentration -2.9  (23.1) -4.3  (5.46)** 
fatigue -3.7  (23.2) -1.3  (15.28) 
frustration 5.3  (27.0) -7.6  (17.69) 
monotonous -8.1  (32.7) 12.2  (9.45)** 
boredom 5.0  (25.0) -3.5  (17.61) 
 
ASN 
    
tension -8.1 (15.5) -4.0 (8.12) 
effort -0.2 (5.7) -11.2 (18.46) 
concentration -9.5 (15.0) -4.9 (21.16) 
fatigue 3.6 (25.3) -6.7 (9.58) 
frustration 15.7 (23.4) -8.3 (15.98) 
monotonous 5.2 (25.7) 9.3 (12.40)** 
boredom 19.8 (29.8) -6.1 (14.76) 
 
SNC 
    
tension -13.3 (16.3)** -0.5 (16.92) 
effort 15.7 (24.3) -17.2 (18.14)** 
concentration 2.7 (13.6) -7.9 (13.48) 
fatigue -4.9 (11.8) -0.3 (14.45) 
frustration 1.0 (7.7) -4.2 (12.63) 
monotonous 2.5 (28.9) 7.1 (11.55) 
boredom 2.4 (20.4) -4.2 (17.27) 
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3.2.5.3 Physiological measures 
Physiological Results of heart rate (HR) showed by the following figure 22. According 
to heart rate (HR) was decreased regardless of the three conditions. Among heart rate 
(HR), no any difference was found in the intervention time period (p > 0.05). 
Additionally, after the intervention period, the HR was increased temporally. 
Remarkably, the heart rate (HR) surged in the recovery period under ASN condition was 
significantly higher than other two conditions (ps < 0.05). Subsequently, it has elevated 
to the higher value (overshot) than that of the first value. The results of high frequency 
(HF) of the heart rate variability shown by the above figure 23. Remarkably, high 
frequency (HF) in SNC condition was shown lowest amongst three conditions (ps < 
0.05).  The results of low frequency (LF) depicted by the following figure 24. In 
comparison to the above mentioned result of HF in SNC conditions, low frequency (LF) 
component in SNC and ANC were significantly greater than that in CST condition (ps 
<0.01).  
 
Figure 22: Change in the Heart Rate (HR) in SNC,ASN and CST conditions. 
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Figure 23: Change in the High Frequency (HF) component of the heart rate variabilit (HF: 





Figure 24: Change in the Low Frequency (LF) component of the heart rate variability (LF: 
0.03 - 0.15 Hz) in SNC, ASN, and CST conditions.  






Figure 25: Change in the Galvanic Skin Response (GSR) in SNC, ASN, and CST conditions.  
 
The Change in the galvanic skin response (GSR) results shown by the figure 25 and 
(GSR) was decreased irrespective of the condition. Additionally, the mean of GSR value 
in the intervention duration in the CST was lower than with other two condition. 
Accordingly, it was not reached to the significant level (p > 0.05). Moreover, GSR was 
significantly higher in ASN than CST condition (p < 0.01) and SNC condition in the 












Figure 26: Overview of short-term intervention. 
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3.2.6 Discussion 
This experimental study was to evaluate the efficacy of the involuntary posture feedback 
architecture. An experiment conducted by with three different types of respiration 
intervention conditions. According to the results of respiration parameter, respiration 
interval (RI) (ps < 0.001) and respiration amplitude (RA) (ps < 0.05) are indicated in 
SNC condition longer and deeper, as showed in figures 20, and 21. This results evidently 
support for understanding on how to develop a complete posture respiration feedback 
control architecture that make the experimental subjects reparations longer and deeper 
involuntarily. Therefore, architecture demonstrated the efficacy of the respiration 
regulation by the posture intervention.  
Subjective evaluation has indicated changes in the VAS from before and after 
intervention period. Results of synchronized intervention have positively demonstrated 
as “tension” was significantly decreased in SNC condition (p < 0.01) but not in other 
conditions. The evaluation of physiological condition has demonstrated peripheral 
sympathetic activation. It was contributed by physiological impact as skin conductance 
response during intervention and recovery period. The changes of GSR profile was 
significantly decreased in the intervention duration, mean of the GSR value CST 
condition was lower than with other two conditions and, it was not reached to the 
significant level (p > 0.05). In the recovery duration, GSR values have considerably 
increased in ASN than CST (p < 0.01) and SNC (p < 0.05) conditions. However, 
synchronized intervention did not significantly influence on the cardiac sympathetic 
nervous activation since the heart rate (HR) (p > 0.05) and, HR profile did not change 
from other condition duration of intervention and recovery.  
 As per the frequency domain analysis, (HF) component in SNC condition has 
been indicated as the lowest level between the three conditions (ps < 0.05) shown by the 
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figure 23. According to the opposite manner in Low frequency (LF) component in SNC 
and ASN conditions were increased than that in CST (ps < 0.05) in the intervention 
duration as shown by the figure 24.  Through the above mentioned SNC condition 
behavior, on posture control on the parasympathetic nervous activity and enhanced the 
sympathetic nervous activity simultaneously contribute since the breathing modulation 
strongly influences the heart rate variability or respiratory sinus arrhythmia (RSA) [79]. 
Therefore, it could be simply described that the greater change in the respiration 
parameters of respiration interval (RI) and amplitude (RA) in SNC condition reduced 
relatively higher frequency variation of the heart rate but increased relatively lower 
frequency variation. Holistically this development posture feedback control architecture 
has generated a positive effectiveness in relations of the reduction in tension and 
peripheral sympathetic activity.  
 Furthermore, when posture control was regulated asynchronously through the 
breathing in ASN condition, there was no any impact on the respiration parameters of 
(RI) and (RA). Moreover, the result of HR was indicated overshooting at the beginning 
of the recovery period in ASN condition significantly increase than other conditions  
(ps < 0.05). Accordantly, it was accompanied with the peripheral sympathetic nervous 
system activation as GSR maintained the relatively higher level in the recovery duration 
comparing with other conditions. Therefore, the intervention of ASN manner enhanced 
the cardiac and peripheral sympathetic nervous system activities in the recovery period.  
In the early recovery time after a mild exercise, the frequently seen overshooting of HR 
meets the higher demand for oxygen which is used for fat catabolism [80].   
The above process seems that minimum efficiency of ventilation with during 
ASN intervention caused a shortage of oxygen in the body. Having mistaken the above 
condition as relatively lower oxygen concentration in the ambient (during the 
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intervention), the human body reacted by augmenting the cardiac activity to recover the 
lack of oxygen after intervention (in a normal ambient). Moreover, the oxygen saturation 
determination would be required to verify the speculation to be the fact. With regard to 
the CST, the influence of the posture modulation on the respiration and cardiac 
autonomous nervous system are marginal in nature. Similarly, the subject could be able 
to alter their respiration cycle as per the constant rhythm, which is the identical rhythm 
as their deep breathing. In contrast, the reduction of GSR in the intervention period was 
relatively greater even after the recovery period. Then, the CST intervention operated 
more effectively than other conditions in suppressing peripheral sympathetic nervous 
system activation. Meanwhile in the recovery period, the increased (ps < 0.01) 
‘monotonous’ and decreased (p < 0.01) ‘concentration’ specify that the posture 
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3.3 Chapter Summary 
 
As per the “feasibility study” intervention results, respiration interval and amplitude are 
lengthened and deepened by controlling the inflation and deflation of the air chamber 
synchronized with subjects’ respiration equal to the condition of breathing. Furthermore, 
HRV analysis has indicated how the breathing control helps to parasympathetic nervous 
system PNS activation.   
The “experimental study” evaluation was conducted by three different type of 
respiration intervention conditions. Respiration interval and amplitude indicated in SNC 
condition are longer and deeper. In this case, the architecture has demonstrated the 
efficacy of the respiration regulation by the posture intervention. The subjective 
evaluation in synchronized ‘tension’ was significantly reduced in SNC condition.  In the 
HRV analysis, HF component in SNC condition indicated decreased level and (LF) 
indicated an increased level. The GSR component in recovery period indicated a higher 
level.  At the end, this chapter describe the efficacy of the involuntary respiration posture 
feedback architecture by observing the respiration parameters and physiological 












4.1 Summary of Research 
4.1.1 Results Summary of Feasibility Study & Experimental Study  
The purpose of this study was to implement involuntary respiration posture feedback 
control architecture and investigate the efficacy of breathing regulation in two 
intervention experiments. Basic differentiations of these two experiments are 
intervention time, number of subjects and measurements.  
The feasibility study was conducted with the involvement of n = seven male 
subjects under total intervention time of 15 minutes. The results of respiration 
parameters were indicated by subject’s breathing patterns in the intervention time. In 
this sense, the respiration interval (RI) (p < 0.01) was significantly increased while the 
magnitude was deepened in respiration amplitude (RA) (p < 0.001) within test period.  
The frequency domain analysis of the heart rate variability was indicated in autonomic 
nervous system stimulation. Accordingly, HF component was significantly increased 
(p<0.01) within test period and heart rate variation did not change statistically. There 
was a reasonable negative correlation among each subject’s body mass index (BMI) 
according to the change in the HF value (r = - 0.67). In considering the subjects’ 
responses, difficulties were not reported with the air-chamber placed under their 
backside. 
The experimental study was conducted with by n=10 male subjects with total 
intervention time of 26 minutes. This experiment was conducted with three different 
respiration conditions which are SNC, ASN and CST. The result of respiration interval 
  54 
(RI) was significantly greater in the SNC condition (ps < 0.001) and respiration 
amplitude (RA) in the intervention time under ASN condition was significantly smaller 
than that of CST (ps < 0.05).  VAS scores with seven items were subjectively measured 
by investigating changes from before to after intervention and after intervention to 
recovery period. No significant changes were indicated by intervention but indicated 
significant reduction of ‘tension’ in SNC condition. After the recovery period, 
“monotonous” was increased in CST and ANS (ps < 0.01) and ‘‘concentration’’ was 
decreased in CST (p < 0.01) whereas ‘‘effort’’ was decreased in SNC (p < 0.01).  
There was not any significant difference related to the physiological 
measurement of the heart rate (HR) in the intervention period (p > 0.05) but after the 
intervention period HR was increased.  In considering the HR in the recovery period, 
ASN condition was significantly higher (ps <0.05) than other conditions. HF component 
of the HRV in SNC condition was the lowest (ps <0.05). LF component SNC and ASN 
conditions were significantly increased than that in CST in the intervention period (ps 
<0.01). All conditions in GSR component was decreased in the intervention period. 
Accordingly, CST condition was low but it was not reached to the significant level (p > 
0.05), and significantly higher in ASN than CST (p < 0.01) and SNC condition (p < 
0.05) in the recovery period. The above mentioned experimental results were facilitated 
to investigate the efficacy of the involuntary respiration posture feedback control 
architecture. 
 
4.2 General Discussion 
4.2.1 Respiration Posture Feedback Control Architecture  
In the feasibility study, respiration parameters were tested to evaluate the efficacy of the 
implemented architecture. Accordingly, respiration interval (RI) significantly extended 
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and respiration amplitude (RA) deepened by controlling the inflation and deflation of 
the air chamber synchronized with subject’s inspiration and expiration.  Similarly, 
experimental study respiration interval (RI) was significantly greater in the SNC 
condition and respiration amplitude (RA) in the intervention time under ASN condition 
was significantly smaller than that of CST. This intervention evaluation influenced on 
the respiration measurements results which have been obtained by implementing posture 
respiration feedback control architecture through involuntarily longer and deeper 
subject’s respiration. Therefore, those evidence demonstrated effectiveness of the 
respiration regulation by the posture intervention.     
 
4.2.2 Physiological and Psychological Effects 
This study was conducted to identify the ratio of High Frequency (HF) which 
could estimate the cardiac parasympathetic nervous system (PNS) activity under 
intervention conditions. Accordingly, the first evaluation “feasibility study” HF 
component in the Fig.16 showed an increased level in the intervention period. That result 
could demonstrate our posture feedback architecture that has contributed successfully 
cardiac parasympathetic activation. As per the physiological information, it was 
demonstrated that subjects were relaxed and compatible within the experiment test time 
duration. The second evaluation “experimental study” was HF component in Fig. 23 that 
showed a decreased level in SNC condition under the intervention period. According to 
that results, cardiac parasympathetic activation was not indicated.  
Furthermore, this experimental studies on the variation of the HF and Low-
Frequency (LF) components in the SNC conditions have decreased and increased as 
shown in figure 23 and figure 24. These are the effects could not be interpreted as 
suppressing effect of SNC feedback posture control on the parasympathetic nervous 
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activity (PNA) and enhanced the sympathetic nervous activity (SNA) simultaneously 
because the respiration modulation strongly influences the heart rate variability or 
respiratory sinus arrhythmia [79]. The general condition of RSA is in the respiration 
process, the HR increases during inspiration and decreases during expiration. Sinus 
arrhythmia is a normal physiological condition most typically seen in young, healthy 
people. RSA could be utilized as the key to understanding the cardiac vagal tone and 
contributes to the heart rate variability [81]. According to this phenomena, it could be 
simply interpreted that the greater change in the respiration parameters in terms of 
interval and amplitude in SNC reduced the relatively higher frequency variation of the 
heart rate but increased the relatively lower frequency variation.  
Subjective evaluation indicated psychological impact of this architecture. 
According to synchronized intervention was indicated as “tension” was significantly 
decreased in SNC condition. However, no any changers were indicated in intervention 
duration.  Therefore, physiological impact of experimental study was demonstrated by 
the GSR report as during intervention and recovery duration: the peripheral sympathetic 
nervous system contribution. Heart Rate (HR) was increased after the intervention 
duration and, it was complemented with the peripheral sympathetic nervous system 
activation, because of the GSR has relatively has increased in the recovery period.   The 
psychophysiological evidences discussed in the above, have proved the effectiveness of 
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4.3 Contribution 
4.3.1 Major Contribution to the Field of Study 
This study has primarily discussed the physiological and psychological benefits of 
breathing control and voluntary breathing control methods such as meditation and yoga 
breathing trainings that are being used around the world and this was the basic 
motivation to conduct this research. On the other hand, there have not been any 
theoretical explanation and implementation based on involuntary breathing control 
system according our contemporary knowledge. The key elements of this experimental 
study in implementing the breathing control architecture are the bend shape of human 
backside which makes breathing difficult for inspiration but easier for expiration and 
the laying position which makes breathing difficult for expiration and easier inspiration. 
Based on that phenomena, the study was to investigate the effectiveness of breathing 
regulation by developing an involuntary respiration posture feedback control 
architecture.  
Major contribution of this architecture could be developed to produce a healthcare 
equipment as an involuntary deep breathing clinical treatment for patients who are 
suffered from breathing related disorders. Additionally, this architecture could be further 
developed into a deep breathing related relaxation medical instrument for home users. 
Particularly, there number of psychophysiological benefits related to deep breathing 
mentioned in the chapter of 1.1.3.  Moreover, the deep breathing control  has 
psychologically affected to manage pain after the surgery  [39], and it  has been used as  
a relaxation method of chorionic pain syndromic patients [41], while reducing  anxiety 
and serving  for biologically establishment in the clinical background [42]. Additionally, 
yoga breathing of pranayama utilizes  deep breathing as an enhancement of autonomic 
nervous system ANS [45].  
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In the feasibility study, the architecture could be used as a human body relaxation 
due to the autonomic contribution to parasympathetic nervous system activation PNS. 
Experimental study correspondingly contributed to the stimulation of sympathetic 
nervous system reducing the tension. The above psychophysiological information 
obtained through involuntary breathing control architecture are significant in study field 
of breathing control. Majorly, the previous breathing control studies and breathing 
control methods have been conducted through voluntary breathing control. Accordingly, 
the implemented architecture used in this study could be referred and applied to 
breathing control researches in the future. Further, this architecture could be developed 




4.4.1 Limitations and Direction for Future Research 
Each the two intervention were conducted with the involvement of subjects who are 
only male university students.  The main limitation of this experiment is relatively minor 
number of subjects were selected during interventions periods.  The insignificant sample 
size of only male university students should be taken into account as a limitation of this 
study despite the well-controlled and within-subject experimental design which is free 
from group effect when generalizing the interpretation.  The strength of pump in/out of 
the air had to be fixed irrespective of the physical attribute.  
Based on the moderate negative correlation between BMIs and HF values, it could 
be suggested that an arousal in the parasympathetic nervous system induced by breathing 
control architecture might depend on either the volume of the air chamber, the intensity 
of the air pressure, or on both of these factors. Therefore, the performance and reliability 
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of the posture feedback control architecture should be enhanced by the application of 
individually customized air chambers. As the initial rest period which may induce 
sleepiness in the subjects, the initial rest (recovery) period of five minutes’ feasibility 
study and 10 minutes’ experimental study should be shortened for further effective 
results.   
Moreover, the future evaluation of this involuntary breathing control architecture will 
be conducted with the application of different types of psychophysiological parameters 
focusing on mental health, relaxation, anxiety, and depression.  In addition to that, large 
number of subjects and gender differentiation will be required to include in the future 
experiments with an aspiration of modifying the experimental protocol. Ultimately, the 
study may promise a methodology of effective involuntary breathing interventions at 
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4.5 Chapter Summary 
 
Feasibility study and experimental evaluation are described in this chapter with the focus 
on general discussion and overview of the study. Initially, the summary of respiration 
parameters and psychophysiological results related to the two conducted experiments 
are described in this chapter. The major contribution of the study was to implement a 
posture feedback control architecture which could be developed as an involuntary deep 
breathing control. Various health benefits could be achieved by deep breathing in 
clinical studies are explained. Eventually, the major limitation of the empirical study is 



































In this study, involuntary posture respiration feedback control architecture and forces 
were implemented on the selected subjects to change their posture synchronously with 
their own respiration pattern. Additionally, this study was conducted to investigate the 
psychophysiological effects contributed by posture feedback architecture. Therefore, 
two evaluations were conducted to evaluate the above mentioned objectives. Evaluation 
numbered one is the “feasibility study” that was conducted with the involvement of 
seven subjects under the respiration measurements with physiological measurements, 
and total intervention time of 15 minutes. Evaluation numbered two, the “experimental 
study” was conducted with 10 subjects under the three respiration intervention patterns 
with respiration measurements and psychophysiological measurements, and total 
intervention time of 26 minutes. 
 Consequently, it was expected that both experiments of the respiration 
measurements indicated significantly longer and deeper respiration interval and 
amplitude. The evaluation of these interventions have influenced on the results of 
respiration measurements which have been demonstrated by the involuntary posture 
respiration feedback control architecture synchronized with the subject’s respiration. 
According to research findings, the main objective of this study has been successful.  
 Physiological contribution of the feasibility study, heart rate variability HRV 
analysis of HF component have significantly increased. Consequently, this respiration 
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control architecture has successfully facilitated to parasympathetic nervous system 
activation. According to feasibility study, positive physiological effects on this 
architecture have been in indicated. Reductions of the tension as a psychological impact 
and peripheral sympathetic nervous system activation were clearly observed in 
experimental study which is called as evaluation numbered two. VAS scores significant 
changes were not indicated with the intervention, but a significant reduction of ‘tension’ 
in SNC condition was observed. HF component of SNC condition was significantly 
decreased within the intervention period, and the HR component was not changes in 
intervention but the recovery period increased. LF component SNC and ASN condition 
were significantly increased. GSR component was decreased in the intervention period 
and increased recovery period. Accordingly, psychophysiological contribution has 
indicated “feasibility study” was cardiac parasympathetic activation and, “experimental 
study” was indicated positive efficacy in terms of the reduction in tension and peripheral 
sympathetic activity.  
Further, physiological studies are required to search the most effective adaptive 
control of the posture and respiration in the future. This study was based on 
implementing an involuntary posture respiration feedback control architecture to 











  63 
REFERENCES 
	
[1]  S.Hickin, J.Renshaw and a. R.Chapman, "Crash Course Respiratory System-E-
Book," in Respiration System, D. Horton-Szar, Ed., 2013.  
[2]  S.Sidney and a. B. and, "The Regulation of Normal Lung Function," Allergy and 
Asthma Proceedings, vol. 16, no. 5, p. 223, September 1995.  
[3]  V.K.Sharma, M.Trakroo, V.Subramaniam, M. Rajajeyakumar and a. A. S. A.B. 
Bhavanani, "Effect of fast and slow pranayama on perceived stress and 
cardiovascular parameters in young health-care students," International journal of 
yoga, no. 2, p. 104, jul-Dec 2013.  
[4]  D.Riley, "Hatha yoga and the treatment of illness," Alternative therapies in health 
and medicine, vol. 10, no. 2, Mar/Apr 2004.  
[5]  A. A.Saoji, B. R. Raghavendra and N. K. Manjunath, "Effects of yogic breath 
regulation: a narrative review of scientific evidence," Journal of Ayurveda and 
integrative medicine, 1 February 2018.  
[6]  L. PhD, P. S. Yuji MD and Y. P. S, "Zazen and Cardiac Variability," 
Psychosomatic Medicine, vol. 61, no. 6, pp. 812-821, November-December 1999.  
[7]  B.Roth and T.Creaser, "Mindfulness meditation-based stress reduction: 
experience with a bilingual inner-city program," The nurse practitioner, vol. 22, 
no. 3, pp. 150-2, 1997.  
[8]  A. D.Grabovac, M. A.Lau and B. R.Willett, "Mechanisms of mindfulness: A 
Buddhist psychological model," Mindfulness, vol. 2, no. 3, pp. 154-166, Sepmber 
2011.  
[9]  S. Edwards, "A psychology of breathing methods," International Journal of 
Mental Health Promotion, vol. 7, no. 4, pp. 30-36, 2005.  
[10]  L.Garza, J.Sally and P. Ford, "Implementing a Breathing Technique to Manage 
Performance Anxiety in Softball," journal of sports, published by the United States 
Sports Academy, vol. 20, 23 April 2009.  
[11]  D. J. &. E. S. D. Edwards, "The evaluation of a psychological skills training 
programme for rugby players: sport science," African Journal for Physical Health 
Education Recreation and Dance, vol. 18, no. 3, pp. 525-534, September 2012.  
  64 
[12]  G. General, Sniper Training, Washington: Headquarters department of the army, 
1994, pp. 3-20. 
[13]  D. D. &. N. A. E. Simpson, "Attention training through breathing control to 
modify hyperactivity," Journal of Learning Disabilities, vol. 7, no. 5, pp. 274-283, 
1 May 1974.  
[14]  A. Asieh, H.Wahbeh, M.Miller, H. Nezamfar, D.Erdogmus and B.Oken, "Change 
in physiological signals during mindfulness meditation," in 6th International 
IEEE/EMBS Conference on Neural Engineering (NER), 2013.  
[15]  Wang, S.Zhen, S.Li, X.Y.Xu, G.P.Lin, L.Shao, Y.Zhao and T.H.Wang, "Effect of 
slow abdominal breathing combined with biofeedback on blood pressure and heart 
rate variability in prehypertension," The Journal of Alternative and 
Complementary Medicine, vol. 16, no. 10, pp. 1039-1045, Oct 2010.  
[16]  G.K.Pal and S.Velkumary, "Effect of short-term practice of breathing exercises on 
autonomic functions in normal human volunteers," Indian Journal of Medical 
Research, vol. 120, no. 2, pp. 115-21, 2004.  
[17]  R. L.Bijlani, R.P.Vempati, R.K.Yadav, R.B.Ray, V.Gupta, R.Sharma, N.Mehta 
and S.C.Mahapatra, "A Brief but Comprehensive Lifestyle Education Program 
Based on Yoga Reduces Risk Factors for Cardiovascular Disease and Diabetes 
Mellitus," The Journal of Alternative and Complementary Medicine, vol. 11, no. 
2, pp. 267-274, 2 May 2005.  
[18]  S.Bhattacharya and U.Pandey, "IMPROVEMENT IN OXIDATIVE STATUS 
WITH YOGIC BREATHING IN YOUNG HEALTHY MALES SANDEEP 
BHATTACHARYA', US PANDEY AND NS VERMA," Indian J Physio! 
Pharmacal, vol. 46, no. 3, pp. 349-354, 2002.  
[19]  T.Pramanik, H.O.Sharma, S.Mishra, A.Mishra, R.Prajapati and S.Singh, 
"Immediate Effect of Slow Pace Bhastrika Pranayama on Blood Pressure and 
Heart Rate," The Journal of Alternative and Complementary Medicine, vol. 15, 
no. 3, 17 March 2009.  
[20]  E.Jovanov, "Jovanov, Emil. "On spectral analysis of heart rate variability during 
very slow yogic breathing," in In 2005 IEEE Engineering in Medicine and Biology 
27th Annual Conference, 2006.  
  65 
[21]  G.Sivakumar, K.Prabhu, R.Baliga, M.K.Pai and S.Manjunatha, "Acute effects of 
deep breathing for a short duration (2-10 minutes) on pulmonary functions in 
healthy young volunteers," Indian J Physiol Pharmacol , vol. 55, no. 2, pp. 154-
159, 2011.  
[22]  Telles, S.Desiraju and T, "Oxygen consumption during pranayamic type of very 
slow-rate breathing," 1991.  
[23]  J.V.Dixhoorn, "van Dixhoorn, Jan. "Cardiorespiratory effects of breathing and 
relaxation instruction in myocardial infarction patients," Biological Psychology, 
vol. 49, no. 1-2, pp. 123-135, September 1998.  
[24]  M.Thomas, R.K.McKinley, E.Freeman, C.Foy, P.Prodger and D.Price, "Breathing 
retraining for dysfunctional breathing in asthma: a randomised controlled trial," 
vol. 58, no. 2, pp. 110-115, 2003.  
[25]  H.Benson, J. Beary and M. Carol, "The Relaxation Response," Interpersonal and 
Biological Processes , vol. 37, no. 1, pp. 37-46, 1974.  
[26]  DeBerry and Stephen, "The effects of meditation-relaxation on anxiety and 
depression in a geriatric population," Psychotherapy: Theory, Research & 
Practice, vol. 19, no. 4, p. 512, 1982.  
[27]  S. kim and H.S.kim, "Effects of a Relaxation Breathing Exercise on Anxiety, 
Depression, and Leukocyte in Hemopoietic Stem Cell Transplantation Patients," 
Cancer Nursing, vol. 28, no. 1, pp. 79-83, January-February 2005.  
[28]  P.M.Tweeddale, I.Rowbottom and G.J.R.McHardy, "Breathing retraining: Effect 
on anxiety and depression scores in behavioural breathlessness," Journal of 
Psychosomatic Research, vol. 38, no. 1, pp. 11-21, January 1994.  
[29]  N.Paunovic and L.G.Öst, "Cognitive-behavior therapy vs exposure therapy in the 
treatment of PTSD in refugees," Behaviour Research and Therapy, vol. 39, no. 10, 
pp. 1183-1197, October 2001.  
[30]  K. Harinath, M. AS, K.Pal, R.Prasad, R.Kumar, T.C.Kain, L.Rai and 
R.C.Sawhney, "Effects of Hatha Yoga and Omkar Meditation on 
Cardiorespiratory Performance, Psychologic Profile, and Melatonin Secretion," 
The Journal of Alternative and Complementary Medicine, vol. 10, no. 2, 5 July 
2004.  
  66 
[31]  P.Richard, Brown and P.L.Gerbarg, "Sudarshan Kriya Yogic Breathing in the 
Treatment of Stress, Anxiety, and Depression: Part II—Clinical Applications and 
Guidelines," The Journal of Alternative and Complementary Medicine, vol. 11, 
no. 4, pp. 711-717, 2005.  
[32]  K.B.Bonura and G.Tenenbaum, " Effects of yoga on psychological health in older 
adults," vol. 11, no. 7, pp. 1334-1341.  
[33]  K.Y.Lin, Y.T.Hu, K.J.Chang, H.F.Lin and J.Y.Tsauo, "Effects of Yoga on 
Psychological Health, Quality of Life, and Physical Health of Patients with 
Cancer: A Meta-Analysis," Evidence-Based Complementary and Alternative 
Medicine, vol. 2011, p. 12, January 2010.  
[34]  F.B.Vialatte, H.Bakardjian, R.Prasad and A. Cichocki, "EEG paroxysmal gamma 
waves during Bhramari Pranayama: A yoga breathing technique," Consciousness 
and Cognition, vol. 18, no. 4, pp. 977-988, December 2009.  
[35]  A.Szabo and A.Kocsis, "Psychological effects of deep-breathing: the impact of 
expectancy-priming," Psychology, Health & Medicine, vol. 22, no. 5, pp. 564-569, 
26 May 2016.  
[36]  K.H.Khng, "A better state-of-mind: deep breathing reduces state anxiety and 
enhances test performance through regulating test cognitions in children," 
Cognition and Emotion , vol. 31, no. 7, pp. 1502-1510, 2017.  
[37]  E.Westerdahl, B.Lindmark, T.Eriksson, G.Hedenstierna and A.Tenling, "Deep-
Breathing Exercises Reduce Atelectasis and Improve Pulmonary Function After 
Coronary Artery Bypass Surgery," Chest, vol. 128, no. 5, pp. 3482-3488, 
November 2005.  
[38]  S.L.Robb, R.J.Nichols, L.R.Rutan, L.B.Bishop and C.J.Parker, "The Effects of 
Music Assisted Relaxation on Preoperative Anxiety," Journal of Music Therapy, 
vol. 32, no. 1, pp. 2-21, 01 March 1995.  
[39]  V.Busch, W.Magerl, U.Kern, J.Haas, G.Hajak and P.Eichhammer, "The effect of 
deep and slow breathing on pain perception, autonomic activity, and mood 
processing—an experimental study," Pain Medicine, vol. 13, no. 2, pp. 215-228, 
23 February 2012.  
  67 
[40]  A.J.Zautra, R.D.Fasman, M.C.Davis and D.Arthur, "The effects of slow breathing 
on affective responses to pain stimuli: an experimental study," PAIN, vol. 149, no. 
1, pp. 12-18, April 2010.  
[41]  F.J.McClernon, E.C.Westman and J.E.Rose, "The effects of controlled deep 
breathing on smoking withdrawal symptoms in dependent smokers," Addictive 
Behaviors, vol. 29, no. 4, pp. 765-772, June 2004.  
[42]  G.Bilo, M.Revera, M.Bussotti, D.Bonacina, K.Styczkiewicz, G.Caldara, A.Giglio, 
A.Faini, A.Giuliano, C.Lombardi and K.J.Kawecka, "Effects of slow deep 
breathing at high altitude on oxygen saturation, pulmonary and systemic 
hemodynamics," PloS one, vol. 7, no. 11, p. e49074, 12 November 2012.  
[43]  S.Telles, R.Nagarathna and H.R.Nagendra, "Breathing through a particular nostril 
can alter metabolism and autonomic activities," Indian Journal of Physiology and 
Pharmacology, vol. 38, pp. 133-133, 1994.  
[44]  J.M.Marin, S.J.Carrizo, E.Vicente and A.G.Agusti, "Long-term cardiovascular 
outcomes in men with obstructive sleep apnoea-hypopnoea with or without 
treatment with continuous positive airway pressure: an observational study," The 
Lancet, vol. 365, no. 9464, pp. 1046-53, 19-25 March 2005.  
[45]  P.C.Hastings, A.Vazir, G.E.Meadows, M.Dayer, P.A.Poole-Wilson, 
H.F.McIntyre, M.J.Morrell, M.R.Cowie and A.K.Simonds, "Adaptive servo-
ventilation in heart failure patients with sleep apnea: a real world study," 
International journal of cardiology, vol. 139, no. 1, pp. 17-24, 18 February 2010.  
[46]  C.Eccles, K.K.Brock, J.P.Bissonnette, M.Hawkins and L.A.Dawson, 
"Reproducibility of liver position using active breathing coordinator for liver 
cancer radiotherapy," International Journal of Radiation Oncology* Biology* 
Physics, vol. 64, no. 3, pp. 751-759., 1 March 2006.  
[47]  H.K.Yaggi, J.Concato, W.N.Kernan, J.H.Lichtman, L.M.Brass and V.Mohsenin, 
"Obstructive sleep apnea as a risk factor for stroke and death. New England 
Journal of Medicine," The New England Journal of Medicine , no. 353, pp. 2034-
2041, 10 November 2005 .  
[48]  J.M.Montserrat, M.Ferrer, L.Hernandez, R.FarrÉ, G.Vilagut, D.Navajas, 
J.R.Badia, E.V.Carrasco, J. Pablo, E.Ballester and M.Puig, "Effectiveness of 
CPAP treatment in daytime function in sleep apnea syndrome: a randomized 
  68 
controlled study with an optimized placebo," American Journal of Respiratory and 
Critical Care Medicine, vol. 164, no. 4, 15 August 2001.  
[49]  C.Philippe, M.H.Stoica, X.Drouot, B.Raffestin, P.Escourrou, L.Hittinger, 
P.L.Michel, S.Rouault and M.P.d’Ortho, "Compliance with and effectiveness of 
adaptive servoventilation versus continuous positive airway pressure in the 
treatment of Cheyne-Stokes respiration in heart failure over a six month period," 
Cardiovascular medicine , vol. 92, no. 3, 2006.  
[50]  C.Monasterio, S.Vidal, J.Duran, M.Ferrer, C.Carmona, F.BarbÉ, M.Mayos, 
N.G.Mangado, M.Juncadella, A.Navarro and R.Barreira, "Effectiveness of 
continuous positive airway pressure in mild sleep apnea–hypopnea syndrome," 
American journal of respiratory and critical care medicine, vol. 164, no. 6, pp. 
939-943., 15 September 2001.  
[51]  O.Oldenburg, B.Lamp, L.Faber, H.Teschler, D.Horstkotte and V.Töpfer, "Sleep-
disordered breathing in patients with symptomatic heart failure A contemporary 
study of prevalence in and characteristics of 700 patients," European journal of 
heart failure, vol. 9, no. 3, pp. 251-257, 3 March 2007.  
[52]  P.Lévy, J.L.Pépin, R.Tamisier, Y.Neuder, J.P.Baguet and S.Javaheri, "Prevalence 
and impact of central sleep apnea in heart failure," Sleep Medicine Clinics, vol. 2, 
no. 4, pp. 615-621, December 2007.  
[53]  P.C.Hastings, A.Vazir, G.E.Meadows, M.Dayer, P.A.P.Wilson, H.F.McIntyre, 
M.J.Morrell, M.R.Cowie and A.K.Simonds, "Adaptive servo-ventilation in heart 
failure patients with sleep apnea: a real world study," International journal of 
cardiology, vol. 139, no. 1, pp. 17-24, 18 February 2010.  
[54]  J.S.Stromberg, M.B.Sharpe, L.H.Kim, V.R.Kini, D.A.Jaffray, A.A.Martinez and 
J.W.Wong, "Active breathing control (ABC) for Hodgkin’s disease: reduction in 
normal tissue irradiation with deep inspiration and implications for treatment," 
nternational Journal of Radiation Oncology Biology Physics, vol. 48, no. 3, pp. 
797-806, 1 October 2000.  
[55]  J.W.Wong, M.B.Sharpe, D.A.Jaffray, R. V, J.M.Robertson, J.S.Stromberg and 
A.A.Martinez, "The use of active breathing control (ABC) to reduce margin for 
breathing motion," International Journal of Radiation Oncology Biology Physics. , 
vol. 44, no. 4, pp. 911-919, july 1999.  
  69 
[56]  A.J.Opat, M.M.Cohen, M.J.Bailey and M.J.Abramson, "A Clinical Trial of the 
Buteyko Breathing Technique in Asthma as Taught by a Video," Journal of 
Asthma, Vols. 32,2000, no. 7, pp. 557-564 , 02 Jule 2009.  
[57]  S.Cicek and F.Basar, "The effects of breathing techniques training on the duration 
of labor and anxiety levels of pregnant women," Complementary therapies in 
clinical practice, vol. 29, pp. 213-219, November 2017.  
[58]  C.Urell, M.Emtner, H.Hedenström, A.Tenling, M.Breidenskog and E.Westerdahl, 
"Deep breathing exercises with positive expiratory pressure at a higher rate 
improve oxygenation in the early period after cardiac surgery—a randomised 
controlled trial," European journal of cardio-thoracic surgery, vol. 40, no. 1, p. 
162–167, 1 Jule 2011.  
[59]  N.Tian, G.Liu and R.Song, "Effect of Deep Breathing on Interaction between 
Sympathetic and Parasympathetic Activities," in In 2018 IEEE International 
Conference on Cyborg and Bionic Systems (CBS).  
[60]  G.Shashikala, Veerabhadrappa, A.Herur, S.Patil, B.Roopa, A.S.Chinagudi, 
V.S.Baljoshi and S.Khanapure, "Effect of yogic bellows on cardiovascular 
autonomic reactivity," Journal of Cardiovascular Disease Research, vol. 2, no. 4, 
pp. 223-227, December 2011.  
[61]  J.Pumprle, K.Howorka, D.Groves, M.Chester and J.Nolan, "Functional 
assessment of heart rate variability: physiological basis and practical applications," 
International Journal of Cardiology, vol. 84, no. 1, pp. 1-14, July 2002.  
[62]  M.Pagani, F.Lombardi, S.Guzzetti, O.Rimoldi, R.Furlan, P.Pizzinelli, 
G.Sandrone, G.Malfatto, S.Dell'Orto and E.Piccaluga, "Power spectral analysis of 
heart rate and arterial pressure variabilities as a marker of sympatho-vagal 
interaction in man and conscious dog," Circulation Research , vol. 59, no. 2, pp. 
178-193, 1 August 1986.  
[63]  L.Keselbrener and S.Akselrod, "Autonomic Responses to Blockades and 
Provocations," pp. 101-148.  
[64]  U. Acharya, K.P.Joseph, N.Kannathal, C.M.Lim and J.S.Suri, "Heart rate 
variability: a review," Medical and Biological Engineering and Computing, vol. 
44, no. 12, pp. 1031-1051, December 2006.  
  70 
[65]  T.G.Babb and J.R.Rodarte, "Estimation of ventilatory capacity during submaximal 
exercise.," Journal Applied Physiology, 1 April 1993.  
[66]  N.J.Robertson, L.S.McCarthy, P.A.Hamilton and A.L.Moss, "Nasal deformities 
resulting from flow driver continuous positive airway pressure," Childhood-Fetal 
and Neonatal Edition, vol. 75, no. 3, pp. F209-F212, 1996.  
[67]  A.Bachour and P.Maasilta, "Mouth Breathing Compromises Adherence to Nasal 
Continuous Positive Airway Pressure Therapy," Chest, vol. 126, no. 4, pp. 1248-
1254, October 2004.  
[68]  G.Grimby, M.Goldman and J.Mead, "Respiratory muscle action inferred from rib 
cage and abdominal V-P partitioning," Jouranal of Applied Physiology, vol. 41, 
no. 5, pp. 739-51, 1976.  
[69]  V.B.Zordan, B.Celly, B.Chiu and P.C.DiLorenzo, "Breathe easy: Model and 
control of human respiration for computer animation," Graphical models, vol. 68, 
no. 2, p. 113–132, 14 July 2006.  
[70]  R.Downey, "Anatomy of the normal diaphragm," Thoracic Surgery Clinics, vol. 
21, no. 2, pp. 273-279, may 2011.  
[71]  P. Hodges and C. Richardson, "Feedforward contraction of transversus abdominis 
is not influenced by the direction of arm movement," Experimental brain research, 
vol. 114, no. 2, pp. 362-370, April 1997 .  
[72]  R.Nanduri, Prabhakar and Y.J.Peng, "Peripheral chemoreceptors in health and 
disease," Jouranal of Applied physiology , vol. 96, no. 1, pp. 359-66, Jan 2004.  
[73]  E. Bruce and N. Cherniack, "Central chemoreceptors. Journal of Applied 
Physiology," Jouranal of Applied Physiology , vol. 62, no. 2, pp. 389-402, 
February 1987.  
[74]  G.GARY, J.BERNTSON, J.R.T.BIGGER, L.DWAIN, G.E.P.G.PETER, 
N.K.M.M.HAIKADY, W.N.STEPHEN, J.PORGES, H.P.S.PETER, 
W.S.MAUROTS and V.D.MOLEN, "Heart rate variability: Origins, methods, and 
interpretive caveats," Psychophysiology, vol. 34, no. 6, pp. 623-48, 30 january 
2007.  
[75]  B.Pomeranz, R.J.Macaulay, M.A.Caudill, I.Kutz, D.Adam, D.Gordon, 
K.M.Kilborn, A.C.Barger, D.C.Shannon, R.J.Cohen and a. a. et, "Assessment of 
autonomic function in humans by heart rate spectral analysis," American Journal 
  71 
of Physiology-Heart and Circulatory Physiology, vol. 248, no. 1, pp. H151-H153, 
1 january 1985.  
[76]  L.Bernardi, J.W.Szulc, C.Valenti, S.Castoldi, C.Passino, G.Spadacini and P. 
Sleight, "Effects of Controlled Breathing,Mental Activity and Mental Stress With 
or Without Verbalization on Heart Rate Variability," Journal of the American 
College of Cardiology, vol. 35, no. 6, pp. 1462-1469, 2000.  
[77]  Joshi, Deepa, A.Shiwalkar, M.R.Cross, S.K.Sharma, A.Vachhani and C.Dutt, 
"Continuous, noninvasive measurement of the haemodynamic response to 
submaximal exercise in patients with diabetes mellitus: evidence of impaired 





































Journal Publication  
 
1. Samith S. HERATH, Kazuki HAYAKAWA, Osamu SAKAI, Ryoma SEKIYA, and 
Shusaku NOMURA, ‘‘Effects on Cardiac and Peripheral Autonomic Nervous 
System by Posture Respiration Feedback Control Architecture.’’ International 
Journal of Affective Engineering, Vol.18 No. 4, pp 197-203, 2019: IJAE-D-18-
00037 
 
2. Samith S. HERATH, Akira KUSUMI, Yosuke Note, Etsuhisa Nakamura, Akio 
Nozawa and Shusaku NOMURA, ‘‘Enhancing Cardiac Parasympathetic Nervous 
Activity using a Posture Respiration Ambient Biofeedback System: A Pilot Study.’’ 





































Figure 27:  Feedback regulation program. 
  74 
 
 
Figure 28: Photos of postural respiration feedback control system. 
